Neurobiology experienced a revolution when horseradish peroxidase (HRP) tracer methods were introduced in the early 1970s 4'~. HRP was first used for retrograde mapping of long-distance neuronal projections, but has proved to be very versatile. In many situations it can be used as an anterograde tracer, it is a superb intracellular marker, and it can also be localized at the electron microscopic level. However, HRP is not an ideal tracer in all situations. In particular, combining HRP with other labels can be difficult. This limitation led Kuypers and others to test a series of fluorescent molecules with different emission spectra as possible retrograde tracers. A number of such compounds are now widely used for this purpose 6'7.
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A second major limitation of HRP methods became apparent in .the early 1980s. Physiological and developmental experiments on cultured neurons had always been limited by the inability to distinguish between the different types of neurons present in cultures made from CNS tissue. A number of investigators realized that one could inject HRP into the appropriate target region of the intact animal, wait for retrograde transport to occur before preparing cultures, and then later unequivocally identify neurons in culture that had projected to that target 8-1°. However, the reactions for visualizing HRP are normally performed on fixed tissue. This presented a problem, since fixed cells do not grow and have uninteresting electrical properties. The need to identify living neurons in culture motivated the search for fluorescent tracers that might be retrogradely transported in neurons in vivo and then retained during the dissociation process and in culture. The initial breakthrough was reported in 1980 by McPheeters and Okun who showed that a Lucifer yellow conjugate of wheat germ agglutinin could be used to label motoneurons retrogradely, and was retained for a short time in culture 11. This method was used by others 12'13 to study the properties of developing motoneurons. However, with wheat germ conjugates, the fluorescence, even initially, was rather dim and restricted largely to small granules in the cell body with virtually no labelling of neuronal processes. In addition, the fluorescence diminished rapidly with time in culture, so labelled cells could be identified for only a few days. This problem could be overcome by running suspensions of spinal cord neurons through a fluorescence-activated-cell-sorter, and placing only the fluorescently labelled cells into culture. Since cell sorting produced pure populations of labelled cells it did not matter that the marker was no longer detectable after a few days. However, such an approach was not feasible for those investigators without ready access to a fluorescence-activatedcell-sorter and did not allow studies of interactions between different classes of neurons.
Our interests lie in understanding the cell--cell interactions that occur during axonal outgrowth and synaptogenesis. We wanted to take a cell culture approach, but we felt we first had to be absolutely certain about the identities of the different neurons present in each culture dish. We therefore began, in 1984, to survey fluorescent molecules in search of better labels. Our criteria for an appropriate tracer were that it should be retained in cells in culture for at least one week and that it should label processes as well as cell bodies.
We first tested a series of fluorescent compounds (e.g. True blue) that had previously been used as retrograde tracers in the mature CNS. Many of these were retrogradely transported from the periphery to the spinal cord of chick embryos, but all proved unsatisfactory in one way or another. We also tried rhodamine, which had been used very successfully by Bonhoeffer and Huf 14 to label growing axons in culture. Although rhodamine did not persist in cells for as long as we required, we were struck by the manner in which it labelled processes and noted that it appeared to label the membrane, rather than the underlying cytoplasm. With this in mind, we therefore decided to survey fluorescent compounds that were known to label membranes. The carbocyanine dye dil [1,1'-dioctadecyl-3,3,3',3 '-tetramethylindo-carbocyanine perchlorate; diI-C~8-(3)] was among the first of those potential probes that we examined. The results with this dye were so striking that we did not extend our search much further. A paper reporting our initial experiments with carbocyanine dyes was published in 19862. Here we summarize our results and describe the various ways we and others have used these dyes.
